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(54) Title of the Invention: 



Hybrid Integrated Circuit and Manufacture Thereof 



(57) [Abstract] 

[Purpose] To offer a hybrid integrated circuit and manufacture thereof that can integrate optical 
elements and electronic elements at high density, has good yield at low cost, and obtains satisfactory 
characteristics. 

[Constitution] A hybrid integrated circuit that has InP substrate 2, and Si substrate 1 bonded to InP 
substrate 2 by silicon oxide film or silicon film 3 formed at a particular site on this InP substrate 2. 
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[Claims] 

[Claim 1] Hybrid integrated circuit so characterized that it has an InP substrate, and an Si substrate 
bonded to this InP substrate by a silicon oxide film or silicon film formed at a particular site on the 
above-mentioned InP substrate. 

[Claim 2] Hybrid integrated circuit described in Claim 1 so characterized that the silicon film is an 
amorphous silicon film. 

[Claim 3] Hybrid integrated circuit described in Claim 1 so characterized that the silicon film is a 
polycrystalline silicon film. 

[Claim 4] Hybrid integrated circuit described in Claim 1, 2, or 3 so characterized that optical elements 
such as at least a semiconductor laser are formed on the InP substrate, and electronic elements such as at 
least a transistor are formed on the above-mentioned Si substrate. 

[Claim 5] Hybrid integrated circuit described in Claim 4 so characterized that a light emitting element is 
formed on one surface and a light receiving element is formed on the other surface at particular sites on 
the opposing bonded surfaces of the above-mentioned InP substrate and the above-mentioned Si 
substrate such that light emitted from the above-mentioned light emitting element is incident on the 
above-mentioned light receiving element. 

[Claim 6] Manufacture of hybrid integrated circuit so characterized that after subjecting each of an Si 
substrate and an InP substrate to a semiconductor process treatment to be performed at or above a 
particular temperature to reinforce bonding, a silicon oxide film or silicon film is formed on all or part of 
the surface of the above-mentioned InP substrate, the surface of the silicon oxide film or silicon film 
formed on the above-mentioned InP substrate is bonded to a particular site on the above-mentioned Si 
substrate, and after performing a semiconductor process treatment at or above the above-mentioned 
particular temperature to reinforce the bonding strength of this site, from the above-mentioned particular 
temperature or lower, a circuit is integrated on the above-mentioned InP substrate and the above- 
mentioned Si substrate by performing a semiconductor process treatment to be performed at a 
temperature lower than the above-mentioned particular temperature. 
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[Claim 7] Manufacture of hybrid integrated circuit described in Claim 6 so characterized that the Si 
substrate is bonded to the above-mentioned silicon oxide film or silicon film by way of hydroxy 1 groups. 
[Claim 8] Manufacture of hybrid integrated circuit described in Claim 7 so characterized that the InP 
substrate and the Si substrate are bonded by applying a particular voltage to the above-mentioned silicon 
oxide film or silicon film in between while the InP substrate and the Si substrate are heated. 
[Claim 9] Manufacture of hybrid integrated circuit described in Claim 8 so characterized that the above- 
mentioned particular temperature to reinforce the bonding strength of the above-mentioned bonding site 
is a temperature in a range from 100°C to 700°C. 

[Claim 10] Manufacture of hybrid integrated circuit described in Claim 9 so characterized that the 
above-mentioned silicon film formed on the InP substrate is an amorphous silicon film. 
[Claim 1 1] Manufacture of hybrid integrated circuit described in Claim 9 so characterized that the 
above-mentioned silicon film formed on the InP substrate is a polycrystalline silicon film. 
[Claim 12] Manufacture of hybrid integrated circuit so characterized that after subjecting each of an Si 
substrate and an InP substrate to a semiconductor process treatment to be performed at or above a 
particular temperature to reinforce bonding, a silicon oxide film or silicon film is formed on all or part of 
the surface of the above-mentioned InP substrate, a silicon oxide film or silicon film is formed on all or 
part of the surface of the above-mentioned Si substrate, the surface of the silicon oxide film or silicon 
film formed on the above-mentioned InP substrate is bonded to the surface of the silicon oxide film or 
silicon film formed on the above-mentioned Si substrate, and after performing a semiconductor process 
treatment at or above the above-mentioned particular temperature to reinforce the bonding strength of 
this bonding site, from the above-mentioned particular temperature or lower, a circuit is integrated on 
the above-mentioned InP substrate and the above-mentioned Si substrate by performing a semiconductor 
process treatment to be performed at a temperature lower than the above-mentioned particular 
temperature. 

[Detailed Explanation of the Invention] 
[0001] 
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[Industrial Field of Application] 

This invention pertains to a high-performance hybrid integrated circuit that uses InP and Si, and 
manufacture thereof. 
[0002] 
[Prior Art] 

For hybrid integrated circuits such as, for example, optical-electronic integrated circuits that 
integrate a semiconductor laser and a drive transistor or amplifying transistor, a method is known in 
prior art in which an optical element such as a semiconductor laser and an electronic element such as a 
transistor are produced simultaneously on a substrate such as InP on which a semiconductor laser can be 
fabricated. 
[0003] 

[Problems that the Invention is to Solve] 

The method described above that integrates both an optical element and an electronic element on 
an InP substrate has, however, problems such as because an InP substrate is several times more 
expensive than an Si substrate and the semiconductor device formation process is more complicated than 
on an Si substrate, yield is poor and the circuit cannot be integrated at high density. In addition, this 
method has problems such as because an InP substrate has several times worse heat conductivity than an 
Si substrate, it is not suitable for integrating circuits that use a large amount of electric power. 
[0004] 

Reflecting on such problems in the prior art, the purpose of this invention is to offer a hybrid 
integrated circuit and manufacture thereof that can integrate optical elements and electronic elements at 
high density, has good yield at low cost, and obtains satisfactory characteristics. 
[0005] 

[Means of Solving the Problems] 
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The invention of Claim 1 is a hybrid integrated circuit that has an InP substrate, and an Si 
substrate bonded to this InP substrate by a silicon oxide film or silicon film formed at a particular site on 
the InP substrate. 
[0006] 

The invention of Claim 6 is the manufacture of a hybrid integrated circuit in which, after 
subjecting both an Si substrate and an InP substrate to a semiconductor process treatment to be 
performed at or above a particular temperature to reinforce bonding, a silicon oxide film or silicon film 
is formed on all or part of the surface of the InP substrate, the surface of the silicon oxide film or the 
silicon film formed on the InP substrate is bonded to a particular site on the Si substrate, and after 
performing a semiconductor process treatment at or above the particular temperature to reinforce the 
bonding strength of this site, from this particular temperature or lower, a circuit is integrated on the InP 
substrate and the Si substrate by performing a semiconductor process treatment to be performed at a 
temperature lower than the particular temperature. 
[0007] 
[Operation] 

In the invention of Claim 1, a silicon oxide film or silicon film formed on an InP substrate is 
bonded to an Si substrate to form an integrated circuit that combines an InP substrate and an Si substrate. 
[0008] 

In the invention of Claim 6, because the surface of a silicon oxide film or silicon film formed on 
an InP substrate is bonded to a particular site on an Si substrate and heat treatment is performed at a 
particular temperature to reinforce the bonding strength of this site, an InP substrate and an Si substrate 
can be bonded easily with adequate bonding strength. 
[0009] 

[Embodiments] 

Embodiments of the hybrid integrated circuit and manufacture thereof with which this invention 
is concerned are explained below while referring to the figures. 
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[0010] 

Embodiment 1 

Figure 1 is a schematic cross-section that shows the structure of the hybrid integrated circuit of 
the first embodiment of this invention. That is, electronic element 5 such as a transistor is formed on Si 
substrate 1 on which a hybrid integrated circuit is constituted, and optical element 4 such as a 
semiconductor laser is formed on InP substrate 2. In addition, silicon oxide film (or silicon film) 3 is 
formed on a particular surface of InP substrate 2, and this silicon oxide film (or silicon film) 3 and Si 
substrate 1 are bonded directly (the bonding method is explained later). Optical element 4 and electronic 
element 5 formed on each of these substrates are connected functionally by a means such as an electrical 
circuit pattern. 
[0011] 

As explained above, optical element 4 is formed on InP substrate 2 that has superior optical 
characteristics such as light emission, and electronic element 5 such as a transistor is formed on Si 
substrate 1 that is applied when forming a large-scale integrated circuit. As a result, a high-performance 
optical element 4 and a large-scale integrated electronic element 5 can be integrated together. In 
addition, because Si substrate 1 has high heat conductivity, it can radiate heat adequately even when a 
high-output semiconductor laser is formed on InP substrate 2. Therefore, electronic elements such as 
power amplifiers can also be integrated on this substrate. 
[0012] 

Embodiment 2 

Figure 2 is a schematic section that shows the structure of the hybrid integrated circuit of the 
second embodiment of this invention. That is, electronic element 5 such as a transistor is formed on Si 
substrate 1 on which a hybrid integrated circuit is constituted, and optical element (light emitting 
element) 4 such as a semiconductor laser is formed on part of the surface of InP substrate 2 that faces Si 
substrate 1 . In addition, silicon oxide film (or silicon film) 3 is formed on a particular site on this surface 
around optical element (light emitting element) 4, and this silicon oxide film (or silicon film) 3 and Si 
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substrate 1 are bonded directly (the bonding method is explained later). Furthermore, optical element 
(light receiving element) 4' such as a photodiode is formed on a site on Si substrate 1 that faces optical 
element (light emitting element) 4 formed on InP substrate 2, and these optical element (light emitting 
element) 4 and optical element (light receiving element) 4' are placed such that they are optically 
coupled. As required, optical elements 4 and 4* and electronic element 5 formed on each of these 
substrates are connected functionally by a means such as an electrical circuit pattern. 
[0013] 

As explained above, optical element 4 such as a semiconductor laser is formed on InP substrate 2 
that has superior optical characteristics such as light emission, and a partial optical element 4' such as a 
photodiode that obtains high performance even on Si substrate 1 and electronic element 5 such as a 
transistor are formed on Si substrate 1 that is applied when forming a large-scale integrated circuit. As a 
result, high-performance optical elements 4 and 4' and a large-scale integrated electronic element 5 can 
be integrated together. As a result, the same effects are obtained as in Embodiment 1 . In addition, in this 
case, the large-scale integrated circuit on Si substrate 1 and optical element 4 on InP substrate 2 
described above can transmit signals directly by light without relying on an electrical circuit pattern. In 
addition, high-speed electronic elements can be integrated on InP substrate 2 simultaneously. 
[0014] 

Moreover, in both of the embodiments described above, an amorphous silicon film or a 
polycrystalline silicon film may be used instead of the silicon oxide film formed on the InP substrate. 
[0015] 

In addition, in the embodiment described above, the two substrates were coupled optically by 
forming a light emitting element on the InP substrate side and a light receiving element on the Si 
substrate side, but the two substrates also may be coupled optically by forming a light emitting element 
on the Si substrate side and forming a light receiving element on the InP substrate side. 
[0016] 
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In addition, in the embodiment described above, space was left between the light emitting 
element and the light receiving element, but regardless of this, this need only be constructed such that 
light emitted from the light emitting element is incident on the light receiving element. 
[0017] 

Embodiment 3 

Manufacture of a hybrid integrated circuit that is the third embodiment of this invention is 
explained. 
[0018] 

First, a particular place on an Si substrate and an InP substrate was subjected to a series of 
semiconductor process treatments that includes processes such as a diffusion process to be performed at 
or above the heat treatment temperature required to reinforce bonding strength, and an electronic 
element such as a field effect transistor (FET) and an optical element such as a semiconductor laser were 
formed. Normally, these processes such as a diffusion process are performed at a high temperature of 
1000°C or greater. 
[0019] 

Next, after forming a protective film on the Si part and the InP part where each type of element 
was formed, other exposed Si surface parts and InP surface parts were cleaned carefully. Specifically, 
the surface layer of the InP substrate was etched by an ammonia etching solution and removed by 
hydrogen peroxide. Similarly, the surface of the Si substrate was cleaned by a hydrofluoric acid etching 
solution. During this, the protective film was removed only from required parts. Following this, a silicon 
oxide film was formed on the InP substrate by a method such as chemical vapor deposition. The 
thickness of the film was about 0.1 to 3 micrometers. This thickness and uniformity at this thickness are 
easy to control. Furthermore, the surface of the silicon oxide film was cleaned by buffered hydrofluoric 
acid. During this, the protective film was removed only from required parts. 
[0020] 
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Next, when the surface of the silicon oxide film was cleaned well with purified water and the 
exposed parts of the above-mentioned Si substrate were layered evenly over the silicon oxide film on the 
above-mentioned InP substrate, a direct bond was obtained by hydroxyl groups adsorbed to the surface 
of the silicon oxide film and the surface of the Si substrate. Although adequate bonding strength was 
obtained without further treatment, this bond was further reinforced when heat treatment was performed 
at a temperature from 100°C to 700°C. Increasing the temperature of this heat treatment imposes some 
restrictions on shape and dimensions due to the difference between the coefficient of thermal expansion 
of the InP substrate and the coefficient of thermal expansion of the Si substrate, but basically, the higher 
the temperature of heat treatment, the more bonding strength can be improved without the bonded 
substrates peeling or breaking when they are made thinner and smaller in area. 
[0021] 

Next, this was subjected to various types of processes such as electrode formation to be 
performed at or below the temperature of heat treatment to reinforce bonding strength, and a circuit 
pattern was formed. A material such as aluminum or gold was used for the circuit. As a result, a hybrid 
integrated circuit with the structure shown in Embodiment 2 was obtained. As a result of heat treatment 
to reinforce bonding, just by keeping for one hour at 200°C, for example, bonding strength was increased 
several times and a bonding strength of several tens of kg/cm 2 was obtained. When the temperature was 
raised to 700°C or higher, surface characteristics greatly deteriorated due to P (phosphorus) being drawn 
from the surface of the InP substrate, and optical elements did not achieve the desired performance. As a 
result, the temperature of bonding heat treatment is preferably 700°C or lower. 
[0022] 

Using a general adhesive such as resin to bond between Si substrate 1 and silicon oxide film (or 
silicon film) 3 has problems such as semiconductor processes cannot be performed after bonding in 
terms of surface heat resistance and shock resistance. When the method of this embodiment is used, 
however, the Si substrate and the InP substrate are bonded directly, and such problems are solved. 
[0023] 
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In addition, when adhering using an adhesive such as resin, because it is difficult to control the 
thickness of the adhesive with high precision, substrates have a poor degree of parallel after adhering 
and photolithography precision is poor, but this invention solves these problems. In addition, because 
bonding directly improves heat conductivity, it can be applied to circuits that have high energy 
consumption. 
[0024] 

It is considered that the mechanism of the direct bonding described above is that by immersing 
the surface of the silicon film or silicon oxide film in purified water after performing an appropriate 
surface treatment, hydroxyl groups adhere to this surface and bonding is performed by the hydroxyl 
groups adhering to both surfaces. It is considered that when heat treatment is performed following this, 
bonding is reinforced by mutual diffusion. 
[0025] 

Embodiment 4 

Manufacture of a hybrid integrated circuit that is the fourth embodiment of this invention is 
explained. 
[0026] 

An electronic element or optical element was formed on a particular place on an Si substrate and 
an InP substrate in the same way as in Embodiment 3. Next, after forming a protective film and cleaning 
the surface, an amorphous silicon film was formed on the InP substrate that became the bonding surface 
by a means such as plasma CVD. The thickness of the amorphous silicon film formed was roughly the 
same as in Embodiment 3, or about 0.1 to 3 micrometers. Next, the surfaces of the amorphous silicon 
film and the Si substrate were cleaned carefully in the same way as in Embodiment 3. The concrete 
method was roughly the same as in Embodiment 3. The surface of the amorphous silicon film was 
cleaned by a buffered hydrofluoric acid etching solution. Next, by cleaning the surfaces of the 
amorphous silicon film and the Si substrate carefully with purified water, then immediately layering 
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these evenly, bonding was obtained easily by hydroxy 1 groups adsorbed to the surface of the amorphous 

silicon film. 

[0027] 

Next, by performing processes in the same way as in Embodiment 3 as required, a hybrid 
integrated circuit could be manufactured that had an optical element formed on an InP substrate 
integrated together with an electronic element formed on an Si substrate, and comparable effects to 
Embodiment 3 were obtained. The bonding strength obtained in this case was two to five times that 
obtained using silicon oxide film. 
[0028] 

Embodiment 5 

Manufacture of a hybrid integrated circuit that is the fifth embodiment of this invention is 
explained. 
[0029] 

An electronic element or optical element was formed on a particular place on an Si substrate and 
an InP substrate in the same way as in Embodiment 3 or 4. Next, after forming a protective film and 
cleaning the surface, a silicon oxide film or amorphous silicon film was formed on the InP substrate that 
became the bonding surface. Next, the surfaces of the silicon oxide film or amorphous silicon film and 
the Si substrate were cleaned carefully in the same way as in Embodiment 3 or 4. The concrete method 
was roughly the same as in Embodiment 3 or 4. The surface of the silicon oxide film or amorphous 
silicon film was cleaned by a buffered hydrofluoric acid etching solution. Next, the surface of the silicon 
oxide film or amorphous silicon film was cleaned well with purified water, and the surfaces to be 
bonded were layered. 
[0030] 

After drying, a high-voltage direct current was applied to the silicon oxide film or amorphous 
silicon film part while heating both substrates. As a result, a firm direct bond was obtained by the action 
of electrostatic force. Next, by performing processes in the same way as in Embodiment 3 as required, a 
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hybrid integrated circuit could be manufactured that had an optical element formed on an InP substrate 
integrated together with an electronic element formed on an Si substrate, and comparable effects to 
Embodiment 3 were obtained. Bonding strength in this case was still stronger than when treated only by 
heat treatment 
[0031] 

During this, high voltage can be applied more effectively to the silicon oxide film or amorphous 
silicon film used for bonding by using a semiconductor substrate for the Si substrate and the InP 
substrate or by installing a high resistance part on part of the substrates such that a high voltage can be 
applied to film on the bonded part. In this case, silicon oxide film is intrinsically a high conductor, but 
amorphous silicon film preferably should have as high resistance as possible. 
[0032] 

For the voltage applied, from 50 to 1000 V per one micrometer film thickness is appropriate. 
When voltage is high, it is better to apply the voltage in pulses. 
[0033] 

Embodiment 6 

Manufacture of a hybrid integrated circuit that is the sixth embodiment of this invention is 
explained. 
[0034] 

An electronic element or optical element was formed on a particular place on an Si substrate and 
an InP substrate in the same way as in Embodiment 3. Next, after forming a protective film and cleaning 
the surface, a polycrystalline silicon film was formed on the InP substrate that became the bonding 
surface by a means such as plasma CVD. The thickness of the amorphous silicon film formed was 
roughly the same as in Embodiment 3, or about 0.1 to 3 micrometers. Next, the surfaces of the 
polycrystalline silicon film and the Si substrate were cleaned carefully in the same way as in 
Embodiment 3. The concrete method was roughly the same as in Embodiment 3. The surface of the 
polycrystalline silicon film was cleaned by a buffered hydrofluoric acid etching solution. Next, by 
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cleaning the surfaces of the polycrystalline silicon film and the Si substrate well with purified water, 
then immediately layering these evenly, bonding was obtained easily by hydroxyl groups adsorbed to the 
surface of the polycrystalline silicon film. Next, by performing processes in the same way as in 
Embodiment 3 as required, a hybrid integrated circuit could be manufactured that had an optical element 
formed on an InP substrate integrated together with an electronic element formed on an Si substrate, and 
comparable effects to Embodiment 3 were obtained. 
[0035] 

Moreover, all of the embodiments of manufacture of a hybrid integrated circuit described above 
were explained for the example of the structure of Embodiment 2, but the structure of Embodiment 1 can 
be achieved simply by forming the silicon oxide film or silicon film on the back of the InP substrate in 
each of the embodiments of manufacture. In this case, wiring between the optical element or the like on 
the InP substrate and the electronic element or the like on the Si substrate can be accomplished by a 
means such as wiring externally or forming via holes in the InP substrate. 
[0036] 

In addition, in all of the embodiments described above, no other film was formed on the Si 
substrate, but direct bonding can be achieved in the same way even when a silicon oxide film or silicon 
film is also formed on the Si substrate. 
[0037] 

In addition, in all of the embodiments described above, the flatness of the film surface used for 
bonding is important. Because poor film formation method or conditions or large surface irregularities 
make bonding difficult, adequate care is required. 
[0038] 

In addition, in all of the embodiments described above, because an electronic element or the like 
formed on an Si substrate and an optical element or the like formed on an InP substrate first then are 
integrated together, a hybrid integrated circuit can be made that is greatly miniaturized and light in 
weight. 
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[0039] 

In addition, because a large-scale integrated circuit can be formed on an Si substrate that can be 
formed with good yield and optical elements can be formed on an InP substrate that obtains high 
performance, a hybrid integrated circuit is obtained that has higher performance and better yield than 
circuits integrated using a single substrate. 
[0040] 

In addition, in all of the embodiments, because the bonding method was direct bonding of an InP 
substrate and an Si substrate by an inorganic silicon material controlled for film thickness, flatness is 
extremely good, the photolithography on the sub-micrometer scale required for large-scale integration 
can be performed, and reliability against heat and vibration also is greatly improved. 
[0041] 

[Effects of the Invention] 

As should be clear from the explanation above, this invention has the advantages that it can 
integrate optical elements and electronic elements at high density, has good yield at low cost, and 
obtains satisfactory characteristics. 
[Brief Explanation of the Figures] 

Figure 1 is a schematic section that shows the structure of the hybrid integrated circuit of the first 
embodiment of this invention. 

Figure 2 is a schematic section that shows the structure of the hybrid integrated circuit of the 
second embodiment of this invention. 
[Key to Part Numbers] 
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i S«©^ffiXtt-flilC. KftaRllXttgftllftJMK 
U tflE I n PStt±K*K£ftfclteMUi*R*fc 

ttssRR©®*. hoes \&mzm^tikwssMitm 

BWWMteTFoaae «k O. ME I n PSfifttflKlE 

s i s«±ic. iiEBif^ss&TiHisiaftTffla-r^f? 
¥*#^a-fexsaa*fT^ c t c j: ? Ta&swtf 3 c t 

[^©PWftKW] 

[0 0 0 1] 

im*±<Dmm%m *«wtt. inPtsneiut 

£*>©-?*£. 
[0002] 

it E L fcJtS^ftlfllsliS^ if Ttt, InPfti* 
[0 0 0 3] 

[»w^«ftu«fc5fr-5HiB La>L&ats. ±e© 

tt. I nP£«#S lS««k0fc»fgi«ffir*SCt. 
*fc**#xA-fX^fig©yD-tx*ts iSffi©*^«k 
0 fcttJST**^*, ^V$9««<. iS««(C*fflfl: 
Tf4V»ifC9Hi*5Jb4. ifc I n PSfittS i S« 

± 0 t>flte««qkttBbifc«. ffiffle*fi©^viiei»© 
[0004] *58Wtt. «*©rffl«k5^ase*a: 

h T^S* 0 ** J: < . ^n-5y\-f y 'J y 

[0 0 0 5] 

[»ss*ft-r^fc»©#a] m*mw*9mtt. 1 

n PSfii. -t© I n P*fi©0f^©«(4(^jS$nfc 
*ITV>*S' i SKtSfflAfc/W^'J y PftKBKTft 
[0 0 0 6] a*^6©*^B, Slfi«*3<tatln 

psfi©-€-n-pnic> »-&»fl:©it*©3f«fis«±© 

P£«fc. Rfl:g*R*&tt&*R£«&SU In PS 
fi±l:»ASn&SflsSRR£&B«RROIi«. S i 
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saicto, i n pgfiRtfs iSfi±ic. mmmmi 

[00 0 7] 

ittm 1 ©#»?(!«. i n psfiics^sna: 
mfc&m&zrcte&mmw. s is«izs-&$nT, i 

[0008] m?m 6 ©*?&9irau i n ps«±ic«is 

£fi£T*&i!UI&fToTV>£©T» I n PgfitS 1 S 
fit*. &SIC+#fc«fi©«£AT8S-r*c:iai-C 

[0 0 09] 

[0010] (SSJ&091) Hltt, *f693©lii 1 ©S&JS 
i5fil±lC«, N7>yX^atW*f5*«M 

an, i nPS«2±irtt. tffeifoitift^ 

4>3*8Jjj£;*n-0>*. X I n PSfi2«D3f^c0ffittt. 

v>* (»^©^j*iro^Ttt«jS) . -en-enrosfiic 

[0 0 1 1] £t±C!>J:3C. %*?4tt. «3fcfc<!:©3fc 
#ttlC«tXfcl nPSfi2±lC}gj«anTfet). h5> 
S^tt 5 tt. *8«aU*III&©»fi!clCB 

L£S iSfil±lC»fiE3nT^-S©T. BHS-tB©** 

f-5^i:*JBJiET»-3fc. S£S iSfiltt. 

I nPgfi2K:iaiH^;^J©¥3*#^-•9 ! - 
t>T. £fcS*it®g&£©«?3BT£&«fcTr*;i£ 

[0012] mmw 2) ^ 2 »*. *3gip!©sfs 2 ©§£B 

fl©/W y H*ffl0B©*jiSr^-r«SC»fB0T* 
5. T&fcS. A-f^Uy K««HII««|J«tT^«S 

lSfil±lC«, by>i>Z.9me>n?% : ?-SifiM& 

s n. 1 n p sfi 2 © s i s« 1 tcwi&j-r -&ffi©-g&ic 

tt. W-lffc*©*** (*%*?) 4# 

»*SftTW*. X-t©ffi©3fc*^- 4©« 
■OBrftOflBttCtt. KfcSljtlR (Xtt«5&R) 3t>W 
jSStl. -£-©KfcJ£3$iR (Xtt3i*R) 3£S iSffil 



(3) »BB¥6-2 9 1 2 99 

4 

M) . I n PStt2K*jft£tife%*? (Bft* 
4C*mit*S i 3fi 1 ©SBttlCtt. *hjT<f:t- 
FftgCDJtR? (S^SR^) 4' nm&nti. *ns* 
4 1%*^ 4 • \tytrts 

•&sn<&«t3ic^:oT^-5. -en-en©s«icjg«$n 

[0 0 13] «±©«k5K, ip^ffl'— Ifftt*©**? 
i0 4 tt. SSftfc £©Jt«ttK:«nfc I n Pgfi 2 ±IC^J« 

-CfcS5ftiE©S^n<b-W©3t^4' h7>vX 
*fc«!f©ST*T5tt, *8R3i8H=Jg&©J&sSI;:aLfc 
S iSfil±IC^jSStlTV>S©T. Sttft©3fc*Tp 
4, 4* fc*8«£«fcLfc*7*?5*£?Bfl;f*;r 

<h#pJtBT*ofc. c*iicj:d*jmi t^«©ja**t 
1 ±©*£«*«[ll?5£ I n Pgfi 2 ±©tf ITP 4 
a? pIIET*ofc. *fcInPSK2±C. ft*©*?*? 

[0 0 14] ft*. ±EV»m©*««K*V»T"b. I 

[0 0 15] ±E5U6«Ttt. I n PgfifflJIta! 

ftiRT-SMMSU S IgttffifcSftSfrPSM&fcLTPig 
fiS^ICfcOJe-g-L-fcAS. initial' I nPSffiffllr 

zytrnTimtfiL. s i s&«cx%*?«n&LT% 

50 [0 0 1 6] *&, ±EH»«Ttt. SJtiS^R^S^ 

jfi^©Ktt$mT*-D&*t. cni^isei*. 

[0017] (SlJgW 3 ) *»^©S 3 «> jdtfl(DA< 

[0 0 18] SI*. S 1 gfii5«fctfl nPSfi©3f^© 
®0fC. 8S-&*3Sft©fc»»Cijj.S7ijafflaffla[£;±©ffl 

»T. -a©¥«ft:7 r P-bX«ia=&ff^. 

49 (FET) ftif©eT*^*«^U— if-fc 

»1 0 0 0SCK±©iSSTfffcn5. 

[0019] jkc. fta*?«tjn&3nfcs iesfe<ky: 

I nP8SIC«aR*^Lfcft. -5-©ffi©BUlS i fiS* 
I n PSfitt. iiKfll*Sflt7> : Er.7*Xy^>^ja 

rsmesxi/^>^»3cu&. Ru<sisfi«ffi« 

©*«««*»* bfc. ■€•©«, InPIi±l;fcfS 

50 «JfiftfiA:£l=J:0Bflsft3KR«»ALjt. RJPfiO. 
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i-3 3*n>gflnr&o. £<Dm&Rzf*<oB?*Dt$ 

-tt©fWHPtt$£T*S. S*KH{t;3l3!iBi*ffltt. rt 

[0 0 2 0] *©&. Kfl:a*R©SB*«*T+^i5fe 
#U WES igfiStBWIOiaffil nPSlfiWKfca*} 

*e>i-c:fflttS8T. i o oac*e 7 o oKccDisarc jo 
$&gi&gaiffi^«£. i n pgfiro&K^&tfs is 

LTHtttt. S««*«fflfc<»£3SS©|6]±a«>]tgT* 

[0021] mz, m^ij^itontbmms&mm&pxr 

©/w ? Kmaiei»*»#&nfc. &£&it<Dmm 

\rvhm&®m\mm\z±wr). sioKg/wcm 
©sis*if§&nfc. 7 o omcin±\zmi&±i?z>t. 

v»©t, »-&s»fflamffitt7oofficetTt-r*rt^ 
[0022] ±kb©s i sen tmfcmx® outs* jo 

K) 3 <»:©»££, -«©8tllfc£©SSS!j£ffll,>TfT 
St. W*Ht*fi}g.Btt©iS*&. S^Stt¥**^o 

■t:^*tff A*v^f©rae^*5*t. **«w©*a 

S:ffl^n«. S i Sfit I n PS«*«BS»^SnT* 

o. *©«fc?fcrag&#j5iftsnfc. 

[0 0 2 3] *fc#8ifc£©8^£^T&irfS 
£. ffi«aH©ff*£il5aS-rS!l«l-r-5Ct*iH8?a:fc 
». £5t&©S«¥fr£#li<fcD, *h'jy^77-< 

-©»ffi*«<j&5^ ■?■©«£ 5 fcffiBfcf&fcsnt. 

a«*©^€r^iHiKic , &affl-r-6 z. ttrvztt. 
[0024] £t±ffliaa&©^*zxAB. 

[0 0 2 5] (£J6W4) *«W©m4©Hlfi«©/W 
[0 0 2 6] •£XmztMmz\sX. S lS«c*«fcOtI 50 



#B8¥6-2 9 1 2 9 9 
n PSfi©Br^©ffiSilc. a?*^* &«3t*^S^ 
iztt* I n PS1fi±lc, #fiHa*©RS. 1?X-?C 

vD^ficko^ufe. »jsf*#aHJi*©Bijp 

«. SliS«93©«^iia«^«. o. l-3 5^n>8 
ST**. -€•©£, JMM3&n*C. 

-\ : ftm%x~j?>irmiz£r)m®itLit. •?-©&#& 

\z-mzmto&trtt&Z\tiZ£r>, #SS3iiSK^SK 

[0027] xiz&mzKKTt&mm3tmm<D7u±. 

X&ftoZt\Z&r), I nPSS±lc^^nfcJt^ 

3tig«©^*t^&nfc. ;r©*#©8£i&flftt. K 

<tttitiR£fflV>;fc*£<kD i fe> 2-5«©tt*t|§sn 

fc. 

[00283 (siiiw 5 ) #aw©fg 5 onmmotM 

[0 0 2 9] &lM3£fctt4&PNtt:l,T. S I S« 

I nPJEttJiC. K{b3i*ie*fcli# 
HS&jS&SJBjSLfc. ■€-©&. SliS«3*fctt4a:^ 

m&TmmzLit. Hiscf!i3*fctt4a: 

it. *©aKfl:a3IKXtt*iiH«jllK©*ffi*«*T 
[0 0 3 0] %m USSeSD^L^^b, Klb3i% 

ft. ztuz*Q»mMfimt. ^@^it«»^*t#&n 
[00313 co&t. ^S8©etcssfiffi^init)S± 

5 fc. Si «««J:tf I n PSfilC*3>frttS«SfflV> 
tt)AS^i:*fp#fc. Cl©«^Kfl:a5flKtt*3)5. i«S 
[0 0 3 2] Bijn-r lS^D >©§s»ir » 

L. 50*51 0 0 0 V?)iaaT*»3. «JEAW>*^ 
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[0 0 3 3] 6 ) *56«©m 6 <J)%Mm<»M 

[0 03 4] H««3iH«CL/T, Slgfi*5«ktfl 

I nPS«±IC £«SB3£*©Ki£. ?7X-?C 

Mtfl3o««&s«n«i. o. i-35*n>-g 

STC**. *©&. £J&«3ira«f;:, ^fefta3?Ki: 
0J3 fcSSHCT**. ££JI3aifi8$Stt. Ay7r 

K»bfc*8sc«fcr), srsicgf^*^enfc. mz& 

*«@l&©fij§atBjaB<!:ft0. &160!l3<hE«©8imj&t 
[0 0 3 5] ft*, ±B/Vf 7»J y PttMBBOtttt* 

n ps«©*®icjg)*Trn«*is-rs c twvzjt. z. 

©«£© I n PStt±0%*?tt£&. S i £«±©« 

?*?)&££©£««. *WM>7'fir-Tff9&0. I 
[0 0 3 6] S&» ±E^«WTIi, fr'-ftl*. SiS 

[0037] ±EJdM?t2. ^■m©«st>a 



(5) #ffl¥6-2 9 1 2 9 9 

coo3 8] *&. vt-moMMic^DT^. srs 

1 1'. Si gfiKMJ&Sn&^F jf&T ft££ I n PSfi 
Htft-sfc. 

[0 0 3 9] *&. *ftg*MiaK». mmv&<K 
io PS«±Kjgj&Ttrs&a. #-ste*fflt>T*«tfc 

[0 0 4 0] *&. ^rn(Didiifir«^T<b. 

tttt. I n PgffitS i Sfi&ffiJPOWW^n&a*^ 
<, *««*«fcjBBft. -»f:/5*n>©*hgyyy 

^w-^BitEtftsttfcic, n*>sft&£K:*rr&tt 

[0 04 1] 

a? [|S9i©3Sli] K±j£'<fc£C5*^M6*ft«fc5JC* 

[0 1 ] *«^lr*^SSS 1 ©&«{fJ©A-f y 0 y Fm 
«iI»©«I^S^-rffiiair®HT»5. 
[H2] *«MlrA^5^2©^Jfi«ai©A-f^Uy KH 

«@K©««**-reiic»fSH-p*5. 
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